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THE CREST OF THE DINOSAUR PARASAUROLOPHUS

By Lor is S. Russell

INTRODUCTION

The general structure of the skeleton in the duck-billed dinosaurs (fam-

ily Hadrosauridae) has been known since the days of Cope and Marsh, but it

was not until the description by Lambe (1914) of the skull of "Stephanosaurus

marginatus" (now called Lambeosawus lambei) that the existence of crested gen-

era became known. Shortly afterwards Brown (1914) described Corythosaums

casuarius, and proposed the division of the family into crested and non-crested

subfamilies. Since that time many additional crested genera have been de-

scribed, and it is now clear that during the so-called Belly River stage (Jud-

ith River and Oldman formations) the crested forms were more numerous than

those with flat heads. Later, during Edmonton time, the proportion became
reversed, and by Lance time only non- crested genera appear to have been pre-

sent.

The bony structure of the duck-billed dinosaur crest is extraordinary,

and it is not surprising that early descriptions include misinterpretations of

the components. To Lambe (1920) belongs the credit for having first identi-

fied the crest as a backward and upward extension of the nasals and premax-

illae, not involving the bones of the skull roof.

The extreme of crest development appears to have been reached in Para-

saurolophus walkeri, described by Parks (1922) from a fine skull and most of

the skeleton, found in the Oldman formation ("Belly River") of Alberta, and

preserved in the Royal Ontario Museum of Palaeontology (new catalogue num-

ber 768). The generic name was given because of the fancied resemblance of

the crest to the spike which projects backward and upward from the naso-fron-

tal region in Saurolophus*. Impressed by this supposed resemblance, Parks in-

cluded Parasaurolophus in the subfamily Saurolophinae, and described the crest

as composed of nasal and frontal bones. Subsequent workers have recognized

from Parks' description that these were errors, and that the genus belonged

in the true crested or lambeosaurine subfamily. Thus Gilmore (1924) placed

the genus in the Lambeosaurinae, and Wiman (1931), describing the incomplete

skull and skeleton of P. tubicen from the Ojo Alamo formation of New Mexico,

represented the crest in both species as composed of premaxillae and nasals.

An important contribution to our knowledge of crested hadrosaurs was

made by C. M. Sternberg (1935), who described the internal structure of the

crest in several genera, not including ParasauTolophus. To the work of this

author is due our present understanding of the function of the crest.

No further studies of the type specimen of Parasaurolophus walked have

been made until recently, as the specimen was mounted in a large exhibition

case, difficult to open. Recently, however, Mr. L. Sternberg, Chief Prepar-

ator of the Royal Ontario Museum of Palaeontology, developed to a high de-

gree of perfection the technique of casting with rubber moulds, and the writer,

acting on Sternberg's suggestion, had the case opened to permit the making of

a mould of the skull. This operation being successfully concluded, the writer

then devoted some time to an examination of the skull, the results of which

study appear herewith.

* It is said that the suggestion of the name Parasaurolophus came from the late Prof. H. F. Osborn.

1



STRUCTURE

The form of the crest in Parasaurolophtu is very characteristic, differing

markedly from that in any other known genus (fig.l). The dorsal outline ex-

tends in a great sweeping curve, almost parabolic in form, from the snout to

a point well back of the shoulders. For over half of its length the crest is

completely free of the skull, and the ventral margin closely parallels the

dorsal. There is a slight expansion at the down-curved posterior extremity.

A well marked longitudinal groove traverses each side of the crest, and con-

tinues forward as the lower margin of the premaxilla. It is this groove, like

the analogous groove in Corythosaurus, that caused the misinterpretation of the

crest structure. It may be said definitely that in the free part of the crest

this groove does not contain a suture, but is merely the external expression

of the division between the internal passages.

Fig. 1. Skull of Parasaurolophus walkeri, holotype, from left side, about X ( 75.

Some of the sutures in the supra-orbital region are obscure, and a final

interpretation does not appear possible on the basis of this specimen. How-

ever, careful tracing of the bony fibres shows that sutures are certainly ab-

sent from positions where they have been recorded. The analysis of this neg-

ative evidence, together with some reinterpretation of sutures that are clearly

visible, permit the following conclusions to be offered on the structure of

the crest and adjacent skull regions.

1. The crest itself is composed almost exclusively of a single bone on
each side, the premaxilla. Any contribution by the nasals, if present, must

be restricted to the ventral surface near the junction with the skull.

2. The frontal does not appear to share in the orbital rim, but is pro-

bably confined in its external development to the region of the skull roof im-

mediately behind the base of the crest.

3. The prefrontal has about the disposition of the bone labelled "fron-

tal" in Parks' figure. It extends from the clearly marked suture with the

maxilla back along the supra-orbital region. The posterior termination is

not clearly defined, but it is probably in contact with the nasal along an

irregular line above the postorbital region. Dorsal ly, for the anterior half

of its length, it is bounded by the groove of the crest, but posteriorly a nar-

row wedge of premaxilla appears between groove and prefrontal, displacing

the latter for the remainder of its length.



Fig. 2. Detail of orbital region to show relationship of the bones. Ft, frontal; Ju, jugal; La, lach-

rymal; Mx, maxilla; Na?, nasal?; Pmx, premaxilla; Prf, prefrontal; Po, postorbital: Qu, quadrate: Sq, squa-

mosal:. X 0.3.

4. The postorbital is obscure, but apparently makes up the main part

of the postorbital bar, bounded above by prefrontal and nasal, and below by
squamosal and jugal. The upper part of this region, however, might be formed

by the frontal.

5. The jugal. is not unusual, but its anterior dorsal border seems to

have been misinterpreted. It articulates with the prefrontal (not frontal) by
a winding suture, illustrated in a somewhat generalized form by Parks in his

pi. 5, fig. 2. The small triangular area on this figure labelled P for prefron-

tal (?) is identified by the writer as part of the jugal, the supposed separa-

tion being a post-mortem fracture.

6. The area labelled lachrymal by Parks is believed to be a dorsal ex-

tension of the maxilla. Bone fibres cross the supposed suture (actually frac-

tures) without discordance. The true lachrymal appears to be a small bone ly-

ing within the orbital rim, at the point where the prefrontal -jugal suture

terminates.

FUNCTION OF THE CREST

Various suggestions have been offered from time to time as to the func-

tion of the lambeosaurine crest. Most of these have been offered by European

workers; in fact, Wiman (1931) takes his American colleagues gently to task

for their failure to complete their anatomical descriptions with an enquiry as

to the purpose of the crest. This restraint is really to the credit of the

American workers, who were waiting for more adequate data. The conclusions

offered by the Continental students are more distinguished by their uncon-

scious humour than by their sound reasoning. Most of them start with Nopcsa's



hypothesis that the crest is a secondary sexual character, that is, that the

lambeosaurine forms were the males, and the hadrosaurine the females. Apart

from the unusualness of pronounced secondary sexual characters in reptiles,

this hypothesis was easily demolished by pointing out the complete absence of

lambeosaurine forms in the Lance stage (Russell, 1930)*.

In spite of this easy demonstration of absurdity, Nopcsa's idea was tak-

en up by Abel (1924), who suggested that the enlargement of the nasal region

in the "males" represented a combined weapon and highly developed olfactory

organ, both functions of particular use in the mating season. The imagination

that could picture two corythosaurs cutting at each other with their battle-

axe heads was certainly untrammeled by much first-hand knowledge of the de-

licate nature of the crest. Wiman (1931) discarded this idea with reluctance,

and offered instead an interpretation of the crest as a great resonating cham-

ber, like that of a musical horn, or the trachea of swans. This, he thought,

was used in calling the females. It is unnecessary to argue that reptiles are

not usually vocal, for the whole hypothesis collapses if the crest is not a

secondary sexual character.

In conversation with American students of the Hadrosauridae the writer

long ago gathered the impression that most of them thought the crest to have

some connection with under-water swimming or feeding. The nature of the re-

lationship was made clear by CM. Sternberg (1935), when he described a

series of lambeosaurine skulls in which the internal structure of the crest

was discernible. It was demonstrated that the nasal passages traversed the

crest by an inverted U-shaped course before opening into the throat. If the

dinosaur submerged its head, air would be caught in this bend and there serve

as a barrier to the entry of water. Application of this theory to Parasauro-

Fig. 3. Sketch restoration of Panuamoluphtu feeding under water, to show position of the crest

* Dr. G. G. Simpson's comment to the writer on this point is worthy of record: "Perhaps that is why they

became extinct".



lophus shows that in this genus the adaptation reached an extreme. Parks

(1922, pi. 10, figs. 1,2) described the crest as 8-shaped in cross section, di-

vided into four internal passages by vertical and horizontal septa. From a
study of the outer form of the crest it is concluded by the writer that the

upper pair of passages extend from the external nares to the posterior end of

the crest, where they curve around, and continue forward again as the lower

pair of passages, which open into the pharynx somewhere in the pterygoid re-

gion. Here must have been some arrangement of soft tissue to prevent water
entering via the mouth. In P. tubicen the bony septa apparently are absent,

but no doubt were represented by soft tissue.

The reason for the peculiar shape and curvature of the Parasaurolophus

crest appeared to the writer when he attempted a life restoration of the dino-

saur. On representing an individual as feeding while partly submerged (fig.

3), it became apparent that the curvature of the crest closely follows the

path through which the head must be swung from an elevated to a depressed

position. In other words, the crest would project nearly vertically from the

water no matter at what depth the dinosaur was grubbing for its food. The
air trap would thus function at its optimum in all positions of submersion.

From this interpretation of the function of the Parasaurolophus crest it

would appear that the genus includes the most highly specialized of lambeo-

saurines for under-water feeding. Probably the specialization was too good,

for individuals are rare, and the genus is known only from the Oldman forma-

tion and the slightly younger Ojo Alamo beds. In fact, the whole lambeosaur-

ine development appears to have been an unnecessary refinement, for crest-

less genera flourished contemporary with them, and persisted after the disap-

pearance of the crested forms.

The writer's studies lend no support to postulation of a skin or muscle

connection between the distal end of the crest and the spines of the dorsal

vertebrae. Any close connection of these two areas would destroy the useful-

ness of the crest for the function described above. The peculiar fusion of

the spines of the anterior dorsal vertebrae is more likely to be associated

with the development of powerful cervical muscles, which would be necessary

for the manipulation of such an unwieldy head.
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